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ABSTRACT
At the beginning of each school year, the municipality of Haninge conducts a math
diagnostic test that consists of multiple-choice questions for all first-year high school
students at Fredrika Bremer High School. In this paper, we investigate how the purpose
of administering the test is aligned with how it is conducted and used. In addition, we
conduct an item analysis on the questions of the test. This includes identifying answer
alternatives that successfully distract test takers from the correct alternative and
identifying how well each question discriminates for the overall test result.

We find that, for the municipality, the primary goal of conducting the test is to use
aggregated results as support for organizing and distributing educational resources.
Another aim is to provide teachers with an overview of what strengths and weaknesses
the students have in the subject of math. The latter purpose is shared by teachers and
test administrators. However, the results indicate that there is a lack of communication
between test administrators and teachers regarding what the results of the test are
used for on a municipality level. Also, a disagreement is found regarding prioritizing
improving the test to get more accurate results or keeping the test the same to be able
to compare the results over the years.

The item analysis reveals four questions with distractors that were frequently chosen
more than the correct answer. Those alternatives represented misconceptions.
Additionally, the item analysis shows that all questions are adequate and that the two
questions that stood out as being exemplary discriminators for the overall test score
involve solving an equation.

We conclude that while the teachers and administrators are generally aligned, there
is some room for improvement in communicating the purpose of this test with teachers.
Regarding how the test can be improved, we give some suggestions concerning some
questions and their alternatives. We also propose that the test administrators allow
students to submit handwritten solutions, in order to see the steps the students have
taken to solve each question, and thus be able to more precisely identify the exact
misconception they have in the case when wrong. This paper also suggests that, while it
is valuable to improve the test every couple of years, it is possible to keep the results
comparable by dividing the test takers into two groups and handing out both versions
of the test at the year the test is being updated.
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INTRODUCTION
Haninge is a Swedish municipality with about 90,000 people. It also has one of
Stockholm's largest high schools: Fredrika Bremer, which has about 2,100 students
attending. Since 2013, Haninge has been conducting a math diagnostic test for all
students that are starting their first year of high school at Fredrika Bremer. In general,
this includes about 600–700 students. This test consists of 40 multiple choice questions
and covers a broad spectrum of math topics. Since the test was first used, one intention
from the municipality’s perspective has been to provide teachers with a high quality test
that can provide valuable information regarding what strengths and weaknesses the
students have in the subject of math. Another intention with conducting the test is to
gather data that can be used as decision support on a municipality level regarding how
to organize and distribute resources, both in the long and short term.

We believe that the process of centrally conducting a math diagnostic test in the
beginning of high school can have many possible benefits when done right, thus we in
this paper investigate the case of Haninge. Since the beginning of conducting this test in
2013, the process used by Haninge has been reviewed yearly by a committee consisting
of teachers, test administrators, and directors of education working in Haninge, but
there has not yet been any external evaluation of the process. When conducting such a
test, there are several important factors at play, three of which we see as particularly
important: the quality of the test, how the test is administered, and how the results are
used and shared within the organization. Thus, throughout our investigation, we
explore several aspects of how the test is conducted and the results are used. We
compare the goals and expectations which test administrators working centrally have
on the test, with those that teachers conducting the test have. We also analyze the
results of the test, along with the test items, and investigate if and how the test can be
developed for future use. These explorations are summarized in the following research
questions:

Research questions
1. How is the purpose and intent of creating and administering this exam aligned

with how it is conducted and used?

2. What aspects of the design of the test may have affected the performance of test
takers?

Outline
We start with describing the methodology used, which includes briefly motivating
design choices and describing the process of collecting and analyzing data. Following
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this, we present the results of the study and finally discuss the results in relation to the
research questions.

METHODOLOGY
We choose a mixed methods case study design as the most appropriate methodology
according to definitions and recommendations provided by Guetterman and Fetters
(2018), Creswell and Plano Clark (2018), and Yin (2003). We conduct a holistic
exploration of the test by which we examine how the test is conducted and utilized by
those who participated in the process, and we carry out an in-depth examination of the
test items. We choose a mixed methods design by which we can collect and analyze our
data.

During our study, we collect and analyze the data from different methods separately,
then they are combined in the discussion. We find that this design is the most suitable
for our study because, to answer the research questions, we want to compare the
results from different methods. Also, the data collection and data analysis process of
each method can be done separately.

DATA COLLECTION AND ANALYSIS
In this section, we describe the process of data collection and explain the methods used
in more detail. We also explain how we analyze our data.

Interviewing administrators and teachers
We collect data about the purpose of the test and the process of administering the test
from the test administrators using semi-structured interviews. They were asked about
their role in administering the test, and what they think the purpose of the test is. We
also use semi-structured interviews with teachers to find out how the test was
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conducted inside the classrooms, and whether the test results have affected the
teaching. Most of the questions were intentionally open-ended, to encourage the
interviewees to speak freely and to avoid steering their answers in a specific direction.

We carry out interviews with 1 administrator and 2 teachers through video calls. We
have also interviewed another administrator by sending them an email with the
interview questions, and they answered the questions by replying to the email. The
interviews were held in Swedish language, and written notes from the interview were
translated to English by the interviewer.

While we use one of the methods Trost (2014) suggests for analyzing – listening
through the interview afterward and writing notes about interesting observations and
comments – we simultaneously did interpretations of the answers in regard to how they
contributed to answering the research questions. During this step of the analysis, the
focus was on finding differences and similarities. The final step of the analysis included
comparing what the test administrators and the teachers had expressed, and
connecting the findings from this comparison to the research questions.

Test items analysis
Since the test items are all multiple choice questions, we have access to well-structured
data that can help us analyze the test items. The purpose of such analysis is not to
determine if the test items in themselves are good or bad. This analysis also moves
away from looking at the intrinsic characteristic of the test items and directs the
attention to studying the behaviour of the test takers in relation to these test items.

We use the methods outlined by Bodner (1980) to do this, which consists of two
parts. One aspect of the analysis is to evaluate whether the alternatives on each test
item actually distract students from choosing the correct answer. This is carried out by
calculating the frequency of choosing each wrong alternative in each question.

The other aspect is the correlation between the probability of test takers choosing a
certain alternative, and their total result on the test. This can give us information
regarding whether this test item is useful in disclosing something about the overall
performance of specific test takers. In this paper, we use Pearson's correlation
coefficient to measure the correlation between the results on a test item, and the
results on the test, for all test takers. The formula is:
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where is the number of students, is the test result of student , is the mean test𝑛 𝑥
𝑖

𝑖 𝑥

result, is the score student received on the test item (i.e. 0 or 1), and is the average𝑦
𝑖

𝑖 𝑦

score on that test item.

We use the following classification of test items based on the correlation coefficient
of the correct answer, according to Bodner (1980).

- If , the test item is called 0 discriminator, which means that it is a0. 00 ≤  ρ < 0. 19
poor test item.

- If , the test item is called +1 discriminator, which means that it is0. 20 ≤ ρ < 0. 39
a good test item.

- If , the test item is called +2 discriminator, which means that it is0. 40 ≤ ρ < 0. 59
a very good test item.

- If , the itest item is called +3 discriminator, which means that it is an0. 60 ≤ ρ
exemplary test item.

Through this part of our analysis, we look at test items as parts of a whole, and we
look at the usefulness of each item and how it contributes to the exam. According to
Bodner, in an ideal test, each answer alternative is chosen by a share of the test takers,
the correlation between the correct answers and the total score is 0.40 or above, and
the correlation between wrong answers and the total score is always negative.

RESULTS
In this section, we present the results of our investigation. Firstly, we describe the
results of the interviews that were conducted with test administrators and teachers.
Then, we go through the results from statistically analyzing test items, as well as
examining the distribution of answers on specific test items.

Interviews
Teacher 1 (T1) and Teacher 2 (T2) share the idea of the test being used in a classroom
context with the purpose of getting insights into where the students are currently at in
their math knowledge development. However, there is a difference in how T1 and T2
use the results after the test has been conducted, and in how they experience that the
test is being used by their closest colleagues. T1 briefly skims through the results, and
then perhaps goes through the hardest problem on the board. T1 also expresses that
most teachers at his program use it similarly. T2 on the other hand says that the results
on the test work as a foundation for planning a few lessons ahead and that most of her
colleagues do it similarly.
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T1 and T2 differ in their opinion regarding whether the test should be kept as is for
comparison of results with previous years, or if it should be developed if possible. T1
believes that it should be developed with no regard to data from previous years, whilst
T2 on the other hand thinks that the test should be kept the same.

From the interviews with T1 and T2 it is clear that T2 has been a lot more involved in
the larger processes surrounding the test than T1 – especially regarding evaluation (as
part of the committee yearly evaluating the test). Overall, T2 has a lot more knowledge
regarding why the test is being conducted from a municipality standpoint and regarding
how the results from the test are being used. One example of this is that T2 knows that
the test to some extent works as a basis for the distribution of resources, which was
something T1 was unaware of.

A1 and A2 have similar ideas regarding how the results from the test can be used
inside the classroom by teachers. Both also agree that a key function of the test is to
identify what resources and efforts are needed in various high school programs and
that it is important that the results from the test are comparable from year to year.

There is a discrepancy in how T1 on one side and T2, A1, and A2 on the other side
look at the importance of comparability of results from the test between years. T1
doesn't think it is important, while the others do. T1, in the work that he does inside the
classroom, prefers more valuable insights from the test over comparability between
years. It might also be worth noting that T1 is the only one of the four which is not
involved in evaluating the test on a central level.

Both test administrators express that the test is used to organize and distribute
resources, and A1 says that the intention of the work is for it to be done proactively. T2
appears to agree with this interpretation of how the test is used, but at the same time
also expresses a wish for more resources to be available after the test has been
conducted, in order to act proactively. Here, there is a small conflict regarding what the
test administrators express, and how T2 experiences it.

Test items analysis
The first part of the item analysis involves looking at the alternatives of each test item.
We looked at the 4 test items where a specific alternative answer was chosen more
frequently than the correct answer. This makes these alternatives very good distractors,
as they were successful in distracting the test takers from the correct answer. The test
items for which this is applicable are 15, 19, 29, and 32. We now examine some of those
questions and their alternatives and try to make conclusions about why those
distractors are that successful.
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Test item 15
We now look at one of those test items in detail, namely item 15. The question is shown
in Figure 2, and the solutions to that question are shown in Table 1. This test item is
assessing the ability to multiply a whole number by a fraction. While 39% of the
solutions were correct answers, the alternative with the biggest proportion of solutions,
41%, was alternative B. Here, alternative B is considered a great distractor, as it has
succeeded in distracting a lot of the test takers from choosing the correct answer.

One way for test takers to reach the solution in alternative B is by multiplying both
the numerator and the denominator of the fraction by the whole number. Given the
available data, it is not possible for us to know for sure why the test takers have chosen
this alternative the most, but we can speculate and find ways we can benefit from this
information.

Test item 29
We also inspect test item 29, shown in Figure 3. The item assesses the ability to identify
the linear graph of a specified linear equation. We can see in Table 2 that, while only
35% of the solutions were correct, 38% of the test takers chose alternative C, making
alternative C a great distractor.
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Test takers need to identify the slope and the -intercept from the equation, and𝑦
choose the graph accordingly. The graph in alternative C has a slope that is equal to the
slope in the equation. However, the -intercept is not correct. In fact, the -intercept of𝑦 𝑥
graph C is actually equal to the -intercept in the equation. Therefore, one reason why𝑦
test takers did not answer this question correctly is that they have misconceptions
about how to identify and -intercepts of linear graphs.𝑥 𝑦

Test item 32
Test item 32, as can be seen in Figure 4, was according to gathered data the hardest
problem on the exam. In Table 3, we can see that of the 587 test takers answering the
question, there were only 107 (18%) that submitted a correct answer.

The problem consists of realizing an appropriate way of forming an algebraic
expression from a piece of text, and the given answer alternatives remove the freedom
of the test taker to set what the variable in this case represents. Thus a challenging𝑥
aspect of the problem is to realize that the only reasonable choice for is that it𝑥
represents the number of marbles that Hannah has. In addition to this, the test takers
have to find an expression for the number of marbles the two have together. In Table 3,
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we can see that alternative B appears to be a very good distractor, attracting more than
half of the answers.

Discriminators
We now discuss the results of the second part of the item analysis. All test items have a
positive correlation for correct answers, ranging from 0.30 to 0.60. This means that all
the test items are categorized as +1, +2, and +3 discriminators.

The exact results are shown in Table 4. The summary of the distribution is as follows:

- 16 test items are +1 discriminators

- 22 test items are +2 discriminators

- 2 test items are +3 discriminators

The results show that all the test items passed Bodner's (1980) benchmark that
determines whether an item should be kept on a test. These results mean that the
questions were at least "good" (+1 discriminators), but generally great (+2
discriminators) indicators of how students were performing.

Let us inspect the two test items that are considered +3 discriminators, shown in
Figures 5 and 6. According to the item analysis, this result means that these questions
were the best in predicting the total results of test takers. This means that the students
who solve these items correctly are generally those who performed well on the test.
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When looking at the test items, we find that they are both algebraic questions in
which students are asked to find a solution for an equation. This is an interesting
observation and can possibly be an indication that students who are performing well in
this algebraic skill are the ones who are performing well generally.

We can look at the average correlation of choosing the correct answer and the total
score of the test of all the items that assess solving equations. Those questions are 30,
31, 33, and 34, and the average correlation coefficient among them is 0.57. This average
is significantly higher than the average correlation coefficient of all the items in the test,
which is 0.43. This can be a result of many things. For instance, maybe solving equations
is the topic that weak students are struggling with. Also, maybe, to achieve high in
solving equations, test takers need to achieve well on several other topics as well, so
those who end up achieving high in solving equations are the ones who have good
knowledge of the other topics that make up the test. We can of course only speculate
on the reason; however, this information is still valuable to identify the topics that
students struggle with and to find trends in their learning.

DISCUSSION
In this section, we discuss the results and try to answer the research questions.

The purpose of the test
One aim of this study is to examine how the purpose and intent of creating and
administering the test are aligned with how it is conducted and used. This has mainly
been investigated through interviews. What has become clear is that from the point of
view of the municipality, the most important aspect of the test is to gather data that can
be used as decision support when organizing and distributing resources for the various
high school programs at Fredrika Bremer. There is no apparent conflict between how
the test is conducted and followed up inside the classroom between teachers and test
administrators working centrally. Rather, our impression is that the test administrators
put full trust in the teachers to do whatever they see fit. This also is reflected in how
teachers choose to use the results from the test, as it is without any guidelines from the
municipality. Also, we have not heard anything about teachers not gathering the data
for the municipality, so in this regard, it appears that the intent and purpose of
administering the test are aligned with how it is conducted and used.

One aspect that is highlighted by one test administrator, and implied by the other, is
that, on a central level, they intend to use the results of the test as a measure to work
proactively with issues within the school. For example, they might reduce class sizes for
a certain program if they notice over a period of a few years that the results on the test
are worrying, or they might add an extra math teacher as a resource to a class that is
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struggling. What has been a bit unclear from our perspective, when analyzing the
results, is the extent to which the results on the test are used to work proactively in the
long term and short term. The first example given above with class size is an example of
a long term approach, and the second example with an extra teacher is an example of a
short term approach. We have also identified that prioritization is not obvious for all
teachers. In the case of T1, who is a teacher who conducts the test but does not discuss
the test result with anyone on the municipality level, it appears unknown how the
results of the test are being used centrally. In the case of T2, who takes part in at least
two meetings every year discussing the process and the results of the test, there might
not be any confusion regarding how the results are being used and the priorities
between long and short term distribution of resources. However, with T2, there is at
least a request of having more resources available at disposal after the test has been
conducted. T2 experiences that most of the resources have been distributed already
before the test has been conducted, which gives the impression that "working
proactively" is especially meant in the long term sense. On this note, we also want to
recognize that T1 is the only person of the people being interviewed which has no or
limited knowledge of how the results on municipality level are being used, thus there
might be room for improvement regarding how the communication related to the
results of the test is shared with teachers if it should be shared.

To improve or not to improve
In this section, we focus on the content of the test, that is, the test items. While it is
impossible to create a perfect test that everyone agrees on, it is important to optimize
tests as much as possible so that they meet their intended purpose.

Let us first look at what our results say about possible improvements. Our item
analysis shows that all the items in the test are +1, +2, or +3 discriminators, which
means that the questions, within the context of the exams and the test takers, serve as
adequate to strong indicators of the performance of the test takers. Accordingly, this
paper does not suggest the removal of any test items.

During our item analysis, we also look at how wrong alternatives can be strong
distractors from the correct answer. In this aspect, we believe that the test can be
improved with the intention of using it for identifying and addressing knowledge gaps
and misconceptions, which is a purpose that is highlighted by all the interviewees.
Another reason why we suggest that the test be improved is the recent change in the
Swedish math curriculum. While most of the topics that are covered in the test are still
included in the high school math curriculum, it seems reasonable that the content of
the test is updated – or at least looked at – with changes to the math curriculum in
mind.
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We find some very strong distractors as previously pointed out, and we have looked
at how these alternatives were successful because they highlight a specific
misconception that students may be struggling with. Similarly, alternatives that are
rarely chosen either depict misconceptions that students rarely struggle with or are
arbitrary solutions that do not depict a specific misconception. While it is preferable to
have all alternatives depicting misconceptions or common mistakes, it is also important
that test creators do not miss a common misconception. If students were able to
answer in whatever way they wish, we would not have this concern. However, since this
test is in multiple choice format, it is important that test creators make sure they cover
as many misconceptions as possible. Of course, sometimes more than one
misconception can lead to the same final answer. In these cases, we still have more
information about the students than if we did not have this final answer as an
alternative. However, if we also had access to the test takers handwritten solutions to
the various test items, then we would more precisely be able to identify the exact
misconception. Here we see the benefit of utilizing a technological solution that enables
easy gathering and aggregation of data, whilst allowing access to handwritten solutions
on a student level.

In general, a lot of the wrong alternatives in this test depicted common errors and
misconceptions. However, sometimes, specific misconceptions may be missing. For
example, look at test item 6, shown in Figure 7.

We can see in Table 5 that 73% of the test takers have answered this item correctly
and that the proportion of students who chose each wrong alternative is between 4%
and 13%. While the high proportion of correct answers may be the result of this concept
being easy for this group of students, it may also be caused by the absence of a specific
misconception from the alternatives. In this question, where the test takers are asked to
round the number 3,749 to the nearest hundreds, students first need to locate the
hundreds digit, decide whether they should round up or down, then perform the
rounding accordingly. If we look at the alternatives, none of them is the result of
wrongly locating the hundreds digit then performing the rounding. As an example, if a
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student mistakenly thinks they should round with respect to the digit 4, and therefore
reach a final answer of 3,750, they will realize that something was wrong with their
process and can check the available alternatives and identify their mistake. One may
argue that, if our hypothetical situation was true, it is a good thing that students were
able to identify their mistake. However, this is not the assumed intention of the test. On
the contrary, it is more useful in this context to identify any misconception the students
may have to plan for addressing it.

Another example is test item 30. The majority of the answers here were correct
(72%), and all wrong alternatives were chosen by a proportion of students, between 3%
and 15% for each. The test item, shown in Figure 8, shows a one-step equation, and test
takers need to solve for .𝑥

To solve this correctly, students need to divide both sides of the equation by 2, the
coefficient of . We can see from Table 6 that the wrong alternative that was chosen the𝑥
most, A, can be the result of performing a subtraction instead of a division. On the other
hand, the wrong answer that was chosen the least, which is alternative D, does not
appear to be the result of a common misconception. In this case, if the alternative is in
fact the result of some misconception that these students don't struggle with, then
including it does indeed add value. However, if it is not, other alternatives can serve this

question more. For example, providing will show if some students do not know𝑥 = 2
3

which of the terms is the dividend and which is the divisor. Another alternative can be
, which will show us if students think they should multiply instead of divide.𝑥 = 6

The aforementioned improvements are only suggestions on how this test can be
optimized for a specific purpose, which is to identify knowledge gaps and
misconceptions. Since this is not the only intention of the test, it is important to take
into consideration how this may affect other use cases. In particular, if such
improvements are carried out every year as suggested by T1, then it will not be possible
to compare the results from one year to another. Since this use case was mentioned by
T2, A1, and A2, it is important that we take it into consideration.
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One practical way of approaching this is to apply the suggestion made by A1, such
that when improvements are made, it is with the intention of keeping the test the same
for several years to come. While this suggestion combines some benefits from both
sides, there is some information that will be lost. First, it will not be possible to compare
the performance of students from year to year when using the test for the first time.
Students from one set of years will be comparable with one another, but not with
students from another set of years. This way, we also lose the chance of studying the
results from this test for a long period of time. Second, it will not be possible to compare
the old test to the new test. Even though the changes and improvements are based on
the results of conducting tests and looking at data, they are still hypotheses that may
turn out to be wrong.

Therefore, this paper argues that the way to address this issue is to hand out two
versions of the test during the transition years. To elaborate, when the time comes for
the test to be updated, the students should be divided into two groups. One group
takes the old test, and the other takes the revised version. We believe that this
suggestion solves the two problems that we have mentioned above. On one hand, the
comparability between the years is not completely lost on those years when the
transition occurs. On the other hand, it is possible to compare the results of both
versions of the test to each other and confirm or deny the hypothesis that the changes
to the test are in fact improvements.

CONCLUSION
During our investigation, we explore how a centralized test that only contains multiple
choice questions has been conducted, how the results are used, and how the test items
have affected the performance of test takers. We also investigate how the intent of
administering the test aligns with how it is conducted. Using a mixed methods case
study, we conduct interviews with administrators and teachers and quantitatively
analyze the test items. During the interviews, we explore similarities and differences
between how the test is planned to be administered and how it is actually conducted.
We also compare how the administrators and teachers expect the results to be used.
Moreover, we conduct a test item analysis by which we investigate how the wrong
alternatives of test items have succeeded in distracting the test takers. Throughout the
test item analysis, we also evaluate the correlation between the probability of test
takers choosing the correct answer, and their total result on the test, to find the test
items that succeed in differentiating between the test takers with overall high or low
scores on the test.

After analyzing the interviews, we find that T1 and T2 agree that the purpose of the
test is to get insights into what strengths and weaknesses the students have in the
subject of math, but they have different approaches in regard to how the results should
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be used for future teachings. A1 and A2 both believe that the results of the test should
affect the instruction of the teachers in some way. They also agree that an important
purpose of this test is to identify what resources and efforts are needed from the
municipality and the schools. There was however a discrepancy between how T1 on one
side, and T2, A1, and A2 on the other side, think about the comparability of the results
from year to year. T1 favors getting more valuable insights more than being able to
compare the results between years. On the other side, T2, A1, and A2 prefer being able
to compare the performance of students over the years. This difference affects their
opinions about whether the test should be improved, and if so, how often.

Throughout the test item analysis, we find that there are some items with wrong
alternatives that are very strong distractors. These questions are then examined, and
the distractors are found to represent specific misconceptions. When we analyze the
correlation between choosing the correct answer and their total result on the test, we
find that, according to Bodner's (1980) benchmark, the test contained 16 good items, 22
very good items, and 2 exemplary items. We conclude that none of the items need to be
removed from the exam, but we give some suggestions on how to improve the
alternatives to create better distractors. We also suggest utilizing a technological
solution when conducting the test which allows for students to submit handwritten
solutions in addition to their answers, to be able to see the steps the students have
taken to solve the problem, and thus be able to more precisely identify the exact
misconception.

While the teachers and administrators are generally aligned on the purpose of the
test, there is some room for improving the communication of how the teachers are
expected to use the results of the test. Regarding how the test can be improved, we
suggest changes to the alternatives to some questions. We also argue that it is possible
to regularly improve the test while maintaining the comparability between the years. We
suggest that when it is time for the test to be updated, students should be divided into
two groups, with one group taking the old test and the other group taking the new test.
This not only makes it possible to compare the results from year to year, but also
provides the opportunity to compare the two versions of the test to each other.
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